ABSTRACT: This study examined how diet, foraging location and diving behaviour of female New Zealand fur seals Arctocephalus forsteri at Otago Peninsula, New Zealand (45°52' S, 170°44' E), varied in relation to prey abundance among seasons in 1994 and 1995. Time-depth recorders measured the diving behaviour of 24 lactating female fur seals, during summer, autumn or winter of 1994 and summer and autumn of 1995. Foraging locations were obtained by deploying satellite transmitters in summer, autumn and winter of 1994 only. Estimated biomass of prey items was determined from 690 scats and 166 regurgitates collected over summer, autumn and winter of both years, and compared with abundance data from research trawls in the same area. Foraging trip duration increased during the cooler seasons. Female fur seals showed a clear bout structure in dive behaviour, with the relative proportion of 3 main bout types (Long, Shallow, Deep) varying with season. Time between bouts (IBI) and bout duration varied with season, suggesting that prey distribution and prey encounter rate also varied. Linear discriminant analysis of the dive and foraging trip characteristics of individual females demonstrated clear seasonal differences. Females foraged on or near the continental slope in summer and farther offshore in autumn. Satellite telemetry locations and diet suggest principally inshore foraging during winter. Fur seals ate predominantly arrow squid Nototodarus sloanii during summer and autumn of both years, although fish, particularly myctophids, were persistent in the diet. Arrow squid were less common in winter when diet was more varied, and an inshore, benthic fish, ahuru Auchenoceros punctatus was dominant. There was no relationship between the annual changes in abundance of major prey species as measured by research trawls and their occurrence in seal diet. Overall, changes in dive behaviour may reflect changes in prey selection as prey abundance and availability change among seasons. 
INTRODUCTION
Animal foraging behaviour may be predicted to be in part a function of the abundance and distribution of food resources. In the marine environment, spatial and temporal changes in productivity mean that marked fluctuations in ocean habitat quality occur (Aebischer et al. 1990 , White & Peterson 1996 . Higher predators may show corresponding changes in foraging behaviour and spatial distribution in response to these fluctuations (e.g. seabirds: Croxall et al. 1988 , Jouventin & Weimerskirch 1990 , Bost et al. 1997 whales: Tynan 1998 , Nicol et al. 2000 seals: Trillmich & Ono 1991 , McCafferty et al. 1998 , Boyd 1999 , Bradshaw et al. 2000 , Georges et al. 2000a . Where there is an external constraint on spatial distribution, fluctuations in resources are most likely to result in changes in foraging activity (McCafferty et al. 1998 ).
Female fur seals (Arctocephalus spp. and Callorhinus) are constrained to foraging relatively near to the breeding colony as they suckle their pup for long periods (4 mo to 3 yr depending on species), and the pup fasts while the mother is away at sea feeding. Females alternate periods of several days at sea with periods ashore suckling their pup, throughout lactation. When at sea, female fur seals are short, shallow divers that spend a large proportion of their time at sea near the surface (Harcourt et al. 1995 , Boyd 1996 . Therefore, their dive behaviour has been hypothesised to be an accurate reflection of foraging (Boyd 1996 , Boyd & Croxall 1996 . Measurement of swimming speed has shown that at least for some species, surface activity includes both time travelling and periods when the seals are stationary at the surface and presumably resting (Ponganis et al. 1990 , Boyd et al. 1995 , Boyd 1996 , Bonadonna et al. 2000 . Therefore, it is thought that when fur seals dive they are either searching for prey or feeding successfully (Boyd 1996) . This contrasts with the deeper-diving, large phocids that surface only to breathe, and for whom time under water encompasses not only foraging, but other activities such as travelling and resting (Fedak 1986 , Le Boeuf et al. 1988 , Hindell et al. 1991 , Fedak & Thompson 1993 , Slip et al. 1994 , Crocker et al. 1997 . By inference, changes in the diving behaviour of fur seals should reflect changes in foraging activity, which may in turn reflect temporal and spatial variability in prey abundance.
Typically, fur seals dive, and therefore forage, in bouts or clusters of dives interspersed with periods at the surface (Gentry & Kooyman 1986b , Boyd & Croxall 1992 , Boyd et al. 1994 , Harcourt et al. 1995 . Within bouts of dives, the surface interval between dives is relatively short. Dive bouts have been deemed to have ended when a significantly longer surface interval occurs, whether based on all of the surface intervals over a period at sea (Gentry & Kooyman 1986a , Boyd & Croxall 1992 , Harcourt et al. 1995 or defined using some iterative technique based on previous surface intervals (e.g. Boyd et al. 1994 . The intervals between bouts of dives are known as inter-bout intervals (IBIs) (Gentry & Kooyman 1986a) . Both the duration of dive bouts and the duration of IBIs have been related to the structure and dispersion of prey patches (Boyd 1996 , Mori 1998 . If, as proposed, dive bout duration reflects foraging behaviour, then the duration of a dive bout may be thought of as a corollary of the time a seal spends in a patch of prey. Therefore, the duration of a dive bout should be related to the size and density of a prey patch. Furthermore, intervals between dive bouts may reflect patterns of dispersion of prey types. Many species of oceanic prey are distributed patchily, and both dispersion and density of patches are highly variable (Veit et al. 1993 , Kann & Wishner 1995 , Williams & de la Mare 1995 , Zamon et al. 1996 . Predators require time to find prey patches, and the time spent searching for patches can be predicted to be a function of their availability (Stephens & Krebs 1986) .
Variance in the dive behaviour of Antarctic fur seals Arctocephalus gazella is correlated highly with prey patchiness, and so variation in IBI has been linked to fine-and meso-scale variation in prey availability (Boyd 1996) . Antarctic fur seals foraging off Bird Island, South Georgia, feed primarily on krill Euphausia superba (Croxall & Pilcher 1984 , Reid 1995 , Reid & Arnould 1996 , an animal that has a tendency to form small, compact swarms (Siegel & Kalinowski 1994 , Brierley & Watkins 1997 , Watkins & Murray 1998 . Boyd (1996) demonstrated that the time Antarctic fur seal females spent swimming between dive bouts matched dispersion of krill swarms and moreover, that time within patches increased in a year when food was less available.
Elsewhere in their range, Antarctic fur seals are for the most part less dependent on krill and feed predominantly on fish and cephalopod prey (e.g. South Shetland Islands: Daneri & Carlini 1999; Kerguelen: Cherel et al. 1997; Marion Island: Klages & Bester 1998; Macquarie and Heard Islands: Green et al. 1989 , 1991 , Goldsworthy et al. 1997 . In general, this is true of most other species of fur seal (e.g. New Zealand fur seal Arctocephalus forsteri: Carey 1992 , Fea et al. 1999 ; Australian fur seal A. pusillus doriferus: Gales et al. 1993; subantarctic fur seal A. tropicalis: Bester & Laycock 1985 , Goldsworthy et al. 1997 , Klages & Bester 1998 , Ferreira & Bester 1999 ; Galápagos fur seal A. galapagoensis : Dellinger & Trillmich 1999 ; northern fur seal Callorhinus ursinus: Antonelis et al. 1997 , Gentry 1998 . For fur seals feeding on a variety of prey, alternative foraging patterns may arise depending on the particular prey species targeted. Many mesopelagic prey form aggregations at a range of spatial scales (Filin et al. 1990 , Duhamel et al. 2000 . We predict that fur seals foraging on abundant prey that form welldefined schools or swarms will behave similarly to Antarctic fur seals off South Georgia, with time spent in dive bouts corresponding to school density, and time between bouts corresponding to dispersal of patches. However, for disaggregated prey, or when there is a range of prey species available, dive patterns should not necessarily follow this same pattern. When feeding on a range of alternative prey, different search patterns should arise in accordance with shifts in target prey. Changes in dive behaviour may therefore reflect changes in presence or abundance of targeted prey.
In temperate female fur seals lactation lasts for 10 to 12 mo and throughout that period they must return frequently to feed their offspring (Trillmich 1990 , Georges & Guinet 2000 . This limits how far they can venture from the natal colony for most of the year and as a result they may have to contend with seasonal changes in prey availability (Costa 1991) . To date, there is limited information on the responses of fur seals with long lactation to seasonal fluctuations in prey abundance. Seasonal variation in diving behaviour has been reported for only 2 species, the subantarctic fur seal Arctocephalus tropicalis (Georges et al. 2000b ) and the New Zealand fur seal A. forsteri (Mattlin et al. 1998 ). In neither of these studies was their diet quantified; rather, changes in diet were inferred from seal behaviour.
Therefore, in this paper we examine the foraging behaviour of the New Zealand fur seal in conjunction with information on diet composition and availability of prey. Dive characteristics of the females of this species have been described in detail (Harcourt et al. 1995 , 2001 , Harcourt & Davis 1997 , Mattlin et al. 1998 . Females show the typical fur seal pattern of bouts of frequent short and relatively shallow dives (mean depth usually <100 m), at least in summer (Harcourt et al. 1995 . Females are known to dive deeper in the cooler seasons, and it has been speculated that this is due to changes in the distribution and abundance of their prey (Harcourt & Davis 1997 , Mattlin et al. 1998 . However, corresponding diet data have not so far been available. The New Zealand fur seal eats a broad range of prey species that vary in abundance both geographically and seasonally (Carey 1992 , Dix 1993 , Fea et al. 1999 , Holborrow 2000 . Given their limited foraging range (< 250 km from the breeding colony, Harcourt & Davis 1997) , changes in seasonal abundance of prey may be reflected in foraging behaviour. There is limited evidence that pup demand may influence foraging-attendance cycles under specific conditions (Arnould et al. 2001) . However, the importance of pup demand and how it interacts with prey availability is unclear. Therefore, in this paper we have focussed on the foraging behaviour and prey resources exclusively.
Specifically, we compare the dive behaviour and diet of lactating female New Zealand fur seals in 3 seasons (summer, autumn, winter) of 1994 and 2 (summer, autumn) of 1995. We examine how dive behaviour varies with season, and we use satellite data from 1994 to assess whether the foraging areas are static or change among seasons. We also examine scats and regurgitates to determine if there are concurrent shifts in their diet among summer, autumn and winter of both years. Finally, we discuss our results in light of trawl survey data reflecting relative changes in potential prey availability during 1994 and 1995.
MATERIALS AND METHODS
Study site and capture methods. This study was done at Fuchsia Gully (Ohinepuha) (45°52' S, 170°44' E), Otago Peninsula, South Island, New Zealand, between 21 December 1993 and 28 August 1995. In summer (December to February), lactating female fur seals and their pups were captured either during the perinatal attendance period or shortly after their return from their first or second foraging trip following the procedures outlined in Harcourt et al. (1995) . Summer foraging behaviour is described in detail in Harcourt et al. (1995 Harcourt et al. ( , 2001 . In autumn (April to May) of 1994 and 1995, and in winter (July to August) of 1994 only, further lactating female fur seals were captured and marked. Outside the breeding season the seals were more wary, and it was not possible to observe whether females were with pups immediately before capture. Therefore, the teats of these females were examined, and we assumed a female was suckling a pup if the teats were distended or expressed milk when manipulated. All females from which data were obtained were later seen to be suckling a pup.
Attendance patterns. The time ashore and the duration of foraging trips were calculated using the method outlined in Harcourt et al. (1995) . The breeding colony was scanned systematically with binoculars twice daily between 07:50 and 09:15 h and between 16:00 and 17:00 h during summer, autumn and winter of 1994, and between 08:00 and 09:30 h during summer and autumn of 1995. A single sighting of a female at the breeding colony was deemed sufficient for her to be considered present at the colony on that day. The duration of foraging trips was determined by comparing the wet/dry periods recorded by the TDRs (see below) and corroborated by observations at the colony.
Dive behaviour and foraging locations. To measure the dive behaviour of female fur seals, Time-depth recorders (Mk 4 or Mk 6, Wildlife Computers, Woodinville, WA) were attached to all captured females as described in Harcourt et al. (1995 Harcourt et al. ( , 2001 (Table 1) . Satellite transmitters (PTTs) (Telonics ST6 300 mW output, Telonics, Mesa, AZ) were also attached to females in summer, autumn and winter of 1994. The method used and a sub-sample of the locations received in summer and autumn have been reported in 2 earlier papers (Harcourt et al. 1995 , Harcourt & Davis 1997 . PTTs were attached simultaneously with Mk4 TDRs to females (n summer = 2, n autumn = 3, n winter = 2). The dive behaviour of the females carrying PTTs was not discernibly different from females with TDRs only (see Harcourt et al. 1995 , Harcourt & Davis 1997 .
Diet. Prey composition in summer, autumn and winter of 1994 was re-calculated from data published earlier by our group (Fea et al. 1999) . For 1995, fresh scats and regurgitates were collected from the study site in summer, autumn and winter. Prey items were identified and a diet was reconstructed using the method outlined in Fea et al. (1999) . Fish prey size was deter-mined using the equations reported in Table 1 in Fea et al. (1999) , and cephalopods using equations from Tate (1981) .
Relative abundance of prey. Abundance of prey items in the local region was calculated using data from a time series of National Institute for Water and Atmospheric Research (NIWA) trawls for continental shelf, edge and slope marine species off the southeastern coast of the South Island New Zealand (NIWA, Greta Point, New Zealand). The surveys use a 2-phase, stratified random trawl design, with 3 depth ranges (30 to 100, 100 to 200 and 200 to 400 m) corresponding to inshore, shelf-edge and continental slope (Beentjes 1995). These depths correspond to the known foraging range and depth of New Zealand fur seals (Harcourt et al. 1995 , Harcourt & Davis 1997 , Mattlin et al. 1998 . Data used in the analysis were from trawls that occurred within a 200 km radius of Fuchsia Gully.
Data analysis. Records from each TDR were analysed as described in detail in Harcourt et al. (2001) using an iterative statistical technique modified from Boyd et al. (1994) . Minimum foraging bouts were defined as 3 dives of ≥10 m depth within 20 min . Once a minimum bout was recognised, the upper 95% confidence limit of the mean surface interval was calculated and compared to the next surface interval in the dive series. If this surface interval was less than the upper confidence limit, that dive was included in the bout and the confidence limit was re-calculated. If the next surface interval was greater than the re-calculated confidence limit, then the bout finished ). The number of bouts generated was not sensitive to choice of minimum bout time (15 vs 20 min) or confidence limit (α = 0.01 vs α = 0.05) . Therefore, to facilitate comparison with earlier studies, we chose a minimum bout period of 20 min and the confidence level of α = 0.05 for all bout groupings. We also tested whether the bout groupings differed significantly from random sampling by using an iterative Monte Carlo approach (Manly 1997a) . We used FASTCLUS (SAS Institute Inc., Cary, NC) to categorise bouts based on standardised mean bout parameters (see Harcourt et al. 2001) . FASTCLUS carries out a disjoint cluster analysis on the basis of Euclidean distances. We used a randomisation chi-square test (Manly 1997a) in the package RT 2.1 (Manly 1997b ) to test for differences in the proportion of bouts between seasons.
We used a linear discriminant analysis (LDA) in SYS-TAT ® to determine differences in the diving behaviour of females among seasons (1994) , and between summer and autumn (1995). The LDA was used to classify females according to individual characteristics, specifically, mass, foraging trip length and dive parameters (mean dive depth, mean dive duration, mean bottom time, mean descent rate and mean ascent rate), and then to identify the source of the separation of these groups.
As in Boyd (1996) , time spent in dive bouts were assumed to represent time in prey patches, and the interbout interval (IBI) assumed to represent time spent swimming between patches. As we had few surface velocity measurements, we assumed that New Zealand fur seals have similar swim speeds to congeneric Antarctic fur seals (1.8 m s -1 ) and would therefore take a similar period of time when swimming between patches (Boyd et al. 1995) . To estimate prey density and dispersion of prey, we compared the distribution of IBIs among seasons (see Boyd 1996) . The frequency with which seals may encounter prey patches was defined as the inverse of the mean IBI, assuming that bouts of dives equate to successful foraging on a patch, and time between bouts equates to time searching for patches. IBIs > 720 min were excluded to account for seals resting all day (Harcourt et al. 1995) . If prey patches are distributed randomly, then the encounter rate should follow a Poisson distribution, and we tested this using the 1-sample Kolmogorov-Smirnov test. We used a log survivorship curve of cumulative IBIs to determine whether there was more than 1 distribution (Martin & Bateson 1986 ). Patch encounter rates were defined using IBIs greater than this inflexion point, assuming that shorter IBIs reflected variance in density within a patch.
RESULTS

Attendance behaviour
Female foraging trips were significantly shorter in the summer of both 1994 and 1995 compared to the 3.4 ± 0.2 7.6 ± 0.5 11.8 ± 1.2 3.6 ± 0.4 7.6 ± 0.9 Harcourt et al. 1995) . In summer 1995, 41% (9 out of 13) of the foraging trips by females with TDRs were less than 12 h, and in autumn, 21% (3 out of 14).
Dive characteristics
In 1994, dive records were obtained from 4 females in summer, 6 in autumn, and 4 in winter. In 1995, records were obtained from 6 in summer and 5 in autumn. Dates of deployment, female mass, number of dives and mean dive depths are given in Table 2 .
The number of dives allocated to bouts using the above criteria varied from 39.1 to 93.5% (mean = 66.4 ± 2.1%) among all individuals (Table 3) . With the exception of 3 females (FS294s, FS894a and FS595s), most individuals demonstrated significant clustering of bouts (Table 3) . Although bout structure was apparent in both years and all 3 seasons, there were significant differences among seasons in the relative duration of bouts and inter-bout intervals (IBIs). In the summer of both years, IBIs were significantly shorter than dive bouts (except FS294s and FS595s, which did not show bout structure, and FS195s in which IBIs were random relative to bout duration). Therefore, time spent diving within bouts was longer than time spent either resting or travelling between patches.
In autumn, some females (2 in 1994 and 1 in 1995) showed similar bout structure to summer with short IBIs relative to bout duration (Table 3 ), but this pattern was not consistent across all females. Either the other seals showed no consistent relationship between IBI and bout duration or, in the case of FS795a, IBIs were significantly greater than bout duration (Table 3) . For those females where the statistic P(DIB) (i.e., the probability that the number of dives in bouts generated from a random ordering of the dive sequence) was > 0.05 or < 0.95 , IBIs were random with respect to bout duration (Table 3) .
We only have dive data for the winter of 1994. In winter 1994, bout structure was maintained, but differed in its temporal form relative to other seasons. IBIs were either long relative to bout length or not significantly different from bout length ( Table 3) .
The cluster analysis returned 3 bout types, and the characteristics of these dive types are shown in Table 4 . Dive Bout Type 1 consists of long bouts, with medium duration and depth dives, hereafter Long bouts. Dive Bout Type 2, are short bouts, with few, short and shallow dives, hereafter Shallow. Dive Bout Type 3 are medium duration bouts with few, long and deep dives, hereafter Deep. Descent rates were consistently higher than ascent rates for all bout types. We used a chisquared test of proportions with 1000 randomisations (Manly 1997b) to test for the effect of season. All randomisations were significantly greater than the null-hypothesis chi-square, and the total probability was < 0.05, suggesting that bout type did differ significantly between seasons (Fig. 1) . In the summer of 1994 and 1995, and also in autumn of 1995, Shallow was the most common bout type (47 to 56%), followed by Long and Deep. In autumn of 1994, Deep was the most common bout type (47%), followed by Shallow; Long was (marginally) the least common. The proportion of bout types in winter was almost diametrically opposed to that of the summers and autumn 1995, and less than 17% of The seasonal differences inferred from the change in proportions of dive bout type extend to the whole suite of dive characteristics of females. The linear discriminant analysis on individual characteristics revealed a clear separation in diving behaviour among seasons (Fig. 2) . There was significant separation among the 3 seasons in 1994 (F 8,14 = 11.8, p < 0.001), with 94% of the difference among seasons explained by the first canonical variable. There was a larger separation between summer and winter versus autumn and winter (F 4,7 = 43.1 vs F 4,7 = 8.2; Fig. 1a) . Here, trip duration (F 4,7 = 9.0) and descent rate (F 4,7 = 8.5) accounted for the majority of the difference in dive behaviour among seasons, with the other 5 variables making low contri- Table 3 . Bout groupings per individual female. P(B) = probability the number of bouts generated from a random ordering of dives exceeds that generated from the true order. When P(B) is < 0.05 or > 0.095, dives occurred in bouts. P(DIB) = probability the number of dives in bouts (DIB) generated from a random ordering of dives exceeds that generated from the true dive order. When P(DIB) < 0.05, IBIs < bout duration, when P(DIB) > 0. With only 2 seasons of dive behaviour in 1995 (summer and autumn), no within-year comparison could be made using the LDA technique (only 2 comparisons, summer and autumn, lead to only 1 discriminant axis). Therefore, we examined the data for 1994 and 1995 combined. The addition of the 1995 data reinforced the seasonal differences observed for 1994. Again, there was significant separation among seasons (F 14,30 = 9.55, p < 0.0001), with 89% of the difference among seasons attributable to the first canonical variable. The larger separation between summer and winter versus autumn and winter (F 7,15 = 23.2 vs F 7,15 = 8.6) was maintained, although the disparity was not as pronounced (Fig. 2b) . Trip duration (F 7,15 = 17.3) accounted for the majority of the difference in dive behaviour, with descent rate (F 7,15 = 8.2) contributing the next highest to the division. The other 5 variables again made low contributions to the separation (F-toremove values ranging from 0.21 [mass] to 2.96 [dive duration]).
The frequency distributions of the IBIs for each of the different seasons (all females combined) were highly skewed, with median IBIs from 4.0 to 6.7 min (Fig. 3) . Although the distributions were not as consistently bimodal as those of Boyd (1996) , we were able to differentiate an inflexion point by constructing log survivorship curves of the IBIs within each season. The inflexion occurred at 10 to 14 min; therefore, we estimated prey patch encounter rate using a cutoff of IBIs > 10 min, double that of Boyd (1996) . Prey patch encounter rate varied from a minimum mean rate of 2.01 patches h -1 (lower 95% CI = 1.81, upper 95% CI = 2.21) in winter 1994 to a maximum mean rate of 2.65 patches h -1 (lower 95% CI = 2.41, upper 95% CI = 2.88) in summer 1995 (Table 5) . Encounter rates never approximated a Poisson distribution (KolgomorovSmirnov 1-sample test, Poisson, mean = lambda, all seasons, p < 0.001). The encounter rate was least in winter 1994, intermediate in autumn 1995 and highest in the 2 summers (ANOVA, F 4,1239 = 7.406, p < 0.001, Table 5 ). The coefficient of dispersion for the encounter rate was <1 in each season, suggesting prey patches were significantly over-dispersed (Table 5) .
Foraging locations in 1994
Locations at sea were obtained in 1994 only. Females appeared to forage much farther from the breeding colony in autumn compared to summer and winter (Fig. 4) . The greatest distance from the breeding colony in the summer was 78 km, compared with 178 km in autumn and 162 km in winter (Fig. 4) . Most locations were clustered on the shelf or near the continental slope in summer, with only a single location , IBI > 10 min, < 720 min) with upper and lower 95% confidence limits, and coefficient of dispersion for summer, autumn and winter 1994 and summer and autumn 1995 beyond the slope edge (Table 6 ). In autumn, female foraging trips took them far beyond the continental slope, with 67% of locations over deep water (>1000 m, Table 6 ). One female in autumn also hauled out during a foraging trip at another fur seal colony, Nugget Point, about 110 km south-southwest of Otago Peninsula. From the TDR records it appeared that 2 of the inshore locations in autumn occurred during transit to the foraging area, the other was very close to the shelf edge. Offshore locations were recorded when the seals spent extended periods at the surface. In winter, female dive locations were similar to summer. Most locations were received over the continental shelf, with only 6% of locations, all from a single female, over deep water beyond the continental slope (Table 6) . Deep diving by females is consistent with feeding both over the shelf and beyond.
Diet
We collected 690 scats and 166 regurgitates over the course of the 6 seasons (no regurgitates were found in winter 1995, despite extensive searches), with a minimum of 4083 prey items from scats and 591 from regurgitates. The number of taxa (genus and species) detected in scats and regurgitates in each of the 6 seasons of the study ranged from a minimum of 3 (summer 1995) to a maximum of 16 (winter 1994), with a total for the entire study of 22. Proportional biomass was reconstructed as outlined in the 'Materials and methods'. Because it is difficult to compare proportional abundance from prey items passed through in the faeces with those ejected as regurgitates (although see Fea & Harcourt 1997 , Fea et al. 1999 ), we present their respective contribution to biomass separately. The proportional contribution to biomass of different fish and cephalopod taxa differed by season and between years (Table 7) . Arrow squid Nototodarus sloanii was a major contributor (>10%) to the diet as assessed exclusively from scats in summer and autumn of both years, but not in winter. Arrow squid were small to medium in summer (mean mass 113 to 382 g), but large in autumn (mean mass 300 to 985 g). A few, very large squid (mean mass 1.19 kg, n = 11) were present in regurgitates in winter 1994, none were present in winter 1995, and only very small beaks (mean mass 16 to 29 g) were found in scats in either of the winters (Table 7) . Two genera of myctophids Lampanyctodes and Symbolophorus were either individually or together major contributors in every season except winter 1994. Jack mackerel Trachurus spp. and barracouta Thyrsites atun were also major contributors in summer 1994; the former was also of importance in winter 1994. In neither winter was arrow squid an important prey item as measured using scats, nor were myctophids. In both winters, the pink cod, ahuru Auchenocerus punctatus, was a predominant prey species, particularly in 1995, where it made up 65.5% of biomass. Ahuru and jack mackerel together contributed more than 60% of prey biomass as assessed by scats in winter 1994.
Prey biomass determined using regurgitates showed a similar seasonal pattern (Table 7) . Regurgitates were found commonly at the colony in summer and autumn of both years (Table 7) . Fewer were found in winter 1994 and none in winter 1995 despite extensive searching. The items found in regurgitates are usually larger than those found in scats (Holborrow 2000) , and may represent indigestible items too large to pass through the pylorus sphincter. Numerous whole squid are found commonly in fur seal colonies in New Zealand (Harcourt 2001) . More than 95% of the prey biomass recalculated from regurgitates in summer and autumn of both years was composed of squid, but few 18 Fig. 3 . Frequency distributions of inter-bout intervals plotted on a log scale for female fur seals for summer (S1994), autumn (A1994) and winter (W1994) of 1994 and summer (S1995) and autumn (A1995) of 1995 squid (< 50% of prey biomass) were found in winter 1994, and none in winter 1995. New Zealand octopus Octopus maorum made a significant contribution by weight in winter 1994 only.
Inshore trawl data
Trawl survey data are only available annually, not seasonally. Myctophids are not normally considered in the NIWA database because they have no commercial value. Therefore, we cannot comment on differences in abundance of myctophids between years, at least as measured by trawls. Arrow squid was equally abundant in both years (Table 8) . However, for other species there were distinct differences in abundance as assessed by trawl surveys, and their relative abundance did not match consistently that measured by seal diet. One of the most abundant fish species in the region is the barracouta (Hurst & Bagley 1997) . The abundance of barracouta within 200 km of Fuchsia Gully as assessed by trawl surveys more than doubled in 1995. Yet, barracouta appeared to be significant to the seals only in the summer of 1994. Similarly, the red cod catch was 30 times greater in 1995, yet red cod was only taken in reasonable numbers by the seals in 1994. Even the 3 species of jack mackerel found off Otago, were caught in approximately equal abundance in 1994 and 1995; yet again, the seals took very little in 1995. Ahuru, an important component of the diet in winter in both years, was not caught in either year surveyed.
DISCUSSION
In this study, we have examined dive behaviour, foraging location and diet of female New Zealand fur seals over the course of 2 yr, and in 3 different seasons. The diet of the seals differed significantly among seasons, shifting from a mixed fish and cephalopod based diet, with arrow squid predominant in summer and autumn, to a fish dominated diet in winter. Changes in diet intake were reflected in changes in dive behaviour and foraging location. Diet composition and changes therein did not reflect changes in abundance of fish species as assessed by midwater and benthic trawls in the local area. The seasonal changes in diet, in combi- Table 6 . Number (%) of satellite locations over the continental shelf (depth < 250 m), at the continental slope (depth 250 to 1000 m), and pelagic, beyond the continental slope (depth > 1000 m), for female fur seals in 1994 nation with knowledge of the habitat of the major prey species allow us to examine how female fur seals change their behaviour in response to changes in their environment.
Dive bout structure and IBI Boyd (1996) suggested that variation in IBIs by foraging Antarctic fur seals reflect fine and meso-scale variation in krill distribution. We propose that the bout structure seen in this study is a corollary of this, but with significant differences in relation to their more opportunistic diet.
Arrow squid appear to be a seasonally selected prey of New Zealand fur seals and were equally abundant in both years of this study (Table 7 ; see also Hurst & Bagley 1997) . Arrow squid show a patchy distribution, not dissimilar to krill, although super-aggregations (Veit et al. 1993) have not been reported. Encounter rates, estimated from IBI distribution, were over dispersed, suggesting that the prey patches were associated negatively (i.e. spatial or temporal aversion). Encounter rates were significantly greater in the summer, and this may reflect a high level of abundance of arrow squid patches, combined with a seasonal change in distribution. Between summer and autumn, female foraging trips increased, and the at-sea behaviour suggests that females had to forage much farther from the breeding colony.
In contrast to Antarctic fur seals, which feed predominantly on tightly clumped krill swarms near the surface, New Zealand fur seals forage on mixed aggregations of prey, found primarily at depths > 30 m. The close relationship between IBI and dispersion of prey reported by Boyd (1996) illustrates how the behaviour of a higher predator may be a function of, and therefore an indicator of, prey distribution and abundance. However, the degree to which foraging behaviour of a predator matches that of its prey should also be a function of how reliant the predator is on that prey species. Antarctic fur seals foraging off Bird Island eat predom- inantly krill (Croxall & Pilcher 1984 , Reid 1995 , Reid & Arnould 1996 . At Bird Island, over 6 consecutive summers, krill was found in 92% of scats (range 75 to 100%), while fish remains were found on average in <40% (range 10 to 67%) (Reid & Arnould 1996 , McCafferty et al. 1998 . Boyd et al. (1994) found no changes in foraging which they could attribute to prey switching, despite measuring foraging behaviour over several years of contrasting abundance. By contrast, New Zealand fur seals consistently forage on a more diverse prey base than Antarctic fur seals. Even when arrow squid make up the bulk of the prey biomass, myctophids and a range of larger fish species persist in significant proportions. The larger fish seen in the diet of the New Zealand fur seal (barracouta, jack mackerel, hoki) are frequently found in mixed aggregations with large arrow squid (Fenaughty & Bagley 1981 , Anderson et al. 2000 . All 4 of these species also prey on myctophids. From the fish stomach contents trawled off the east coast of the South Island (C. Lalas pers. comm. Zealand fur seals show clear prey shifts between seasons, in part due to changes in size and abundance of arrow squid. There are significant changes in the overall characteristics of fur seal dive behaviour, as well as specific shifts in dive bout type and dive bout structure. These also reflect seasonal changes in prey type.
Seasonal changes in dive behaviour
New Zealand fur seals off Otago foraged on a diverse range of prey that varied with season. Foraging trips increased in duration as the sea cooled towards winter. Dive behaviour varied in multiple ways. Changes in proportion of bout types indicated that in the summer of both years, as well as autumn 1995, when the seals ate predominantly myctophids and small to medium sized arrow squid, the principle bout type was Shallow. Squid ranged from small juveniles at ca. 5 g to large adults at ca. 2 kg and accounted for at least 75% of the prey biomass. In summer, the shorter IBIs relative to bout duration, corroborated by the elevated patch encounter rate, appear to reflect foraging on patches that were both large and relatively common. Arrow squid are a large, muscular, schooling squid which live for about 1 yr then die after spawning, mostly in autumn, but also in spring (Uozumi & Ohara 1993 ). Juvenile arrow squid, which were most common in summer, are found at peak abundance schooling in waters 50 to 100 m deep (Uozumi & Ohara 1993) , and this corresponds to the large number of Shallow bouts seen in summer. Encounter rate as assessed by the intervals between bouts was highest in these seasons. Combining the short duration of foraging trips, and the short duration of the bouts, with the high encounter rate suggests that they were feeding on small, but frequently encountered prey patches. Overnight foraging trips were mainly seen in summer and may only be feasible when prey patches can be encountered close to the rookery. If the female New Zealand fur seal swims at approximately the same rate at the surface as her Antarctic cousin (1.8 m s -1 ), then we estimate prey patches as being dispersed widely at mean distance of 5.7 to 6.5 km in summer.
In autumn 1994, foraging trips doubled in length and significant changes in the proportion of bout types occurred. Conversely, although bout types did not change in autumn 1995, foraging trips still lengthened and encounter rates decreased. Large arrow squid predominated in both scats and regurgitates. In 1994, Deep bouts were far the most common type of bout, and in 1995 encounter rates were significantly lower than the warmer season. Satellite tracks placed females over deep water during this period in 1994, which suggests that they were not feeding on benthic organisms on the shelf but diving deep in midwater for large squid. The depth range of large squid from trawls is 150 to 300 m (Jackson et al. 2000) , and the depths used by the female seals in autumn match this closely. The persistence of deep diving throughout the night in autumn (Harcourt & Davis 1997 , Mattlin et al. 1998 suggests either that the diel movements by arrow squid and the other species in these aggregations did not approach the surface, or that the density of patches that did approach the surface was too low to cause a shift in foraging behaviour. Prey patches were more widely dispersed in autumn, with seals likely to swim 11.3 to 15.5 km between patches.
Dive behaviour, foraging location and encounter rate were also different in winter. Long and Deep bouts were equally prevalent, whereas Shallow was rare. Encounter rates were lower than in any other season. The characteristics of the dive behaviour, in combination with evidence from foraging locations, and diet all suggest that, as arrow squid disappeared from their diet, the fur seals were forced to forage predominantly on the continental shelf. Arrow squid appear to move offshore to deep water to spawn during the winter, and only juveniles are readily available to seals during that period (Uozumi & Ohara 1993 , Uozumi et al. 1995 , Fea et al. 1999 . Commercial fisheries consider the winterspring period to be the low season for arrow squid (Hurst et al. 2000) , and it appears that the dive behaviour and feeding habits of the fur seals seen in this study over the winter are also a reflection of the inaccessibility of their major prey item. The mixture of bout types, the low patch encounter rates, and the extended foraging trips suggest that it was more difficult for females to find prey in winter. The duration of IBIs and the coefficient of dispersion suggest that prey remained over-dispersed, and at greater distances than in either of the other seasons, with mean large-scale IBIs of more than 2 h and the distance between patches averaging 14.7 km. The over-dispersion of prey patches may have important implications for these predators. As prey patches are not clumped, when a seal leaves a patch it is unlikely to find another patch nearby. This implies that fur seals from this population must expend relatively more energy searching for and travelling between prey patches, particularly in seasons when patches are scarce. In winter, the loss of their main prey species, arrow squid, resulted in a wider range of prey being consumed and the changes in bout types presumably reflect this. The many inshore locations (Fig. 2) combined with the change in predominant prey items (Table 6 ) suggest that despite spending long periods at sea during winter (no OFTs occurred and mean foraging trip length was Ӎ30% greater than autumn, Table 1 ) females focussed considerable efforts in feeding over the shelf area. Ahuru, a shelf-dwelling demersal fish, was an important prey item during both winters, and the benthic sole and flounder were also identified in the winter diet. However, it is unlikely that the seals spent their entire time inshore. The persistence of some lanternfish in scats throughout the year and the presence of a few offshore locations from satellite tagged animals indicate that females also traveled beyond the slope into deeper water. In winter, the equal proportion of 2 different bout types and change in diet composition may indicate a mixture of inshore benthic and offshore pelagic foraging, and that seals were forced to forage widely over the continental shelf.
CONCLUSIONS
As predicted, the seasonal diving behaviour of female New Zealand fur seals corresponded to shifts in diet inferred from the examination of scats and regurgitates. As opposed to more specialist predators such as Antarctic fur seals, the observed distribution of bouts and IBIs may not provide an index of prey dispersion of generalist predators such as New Zealand fur seals. Instead, seasonal changes in foraging behaviour for this species may indicate changes in prey selection as targeted species become more or less available within the foraging range from the breeding colony. Therefore, the foraging behaviour of generalist predators may not provide as clear a surrogate for local prey abundance and distribution as it does for specialist predators. This ability of generalist predators to 'switch' among selected prey species to meet the energetic requirements of maintenance and reproduction may mask largescale effects. The role of generalist predators as indicators of local prey availability may be unclear in the absence of diet data collected simultaneously.
